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A. PROPOSAL

Add anew Annex 11, to read:

"Annex 11

TECHNICAL REQUIREMENTS FOR ON-BOARD DIAGNOSTIC SYSTEMS (OBD)
FOR DIESEL ENGINES OF ROAD VEHICLES (WWH-OBD)

1. APPLICABILITY

This annex is not applicable, for the time being, for the purpose of type approval
according to this Regulation. It will be made applicable in the future.

2. Reserved 1.
3. DEFINITIONS
3.1. "Alert system" means a system on-board the vehicle which informs the driver of the

vehicle or any other interested party that the OBD system has detected a malfunction.

3.2. "Approval authority" meansthe authority that grantsthe compliance approval of an OBD
system considered by this annex. Per extension, it means also the technical service that has been
accredited to evaluate the technical compliance of the OBD system.

3.3. " Calibration verification number" meansthe number that is cal culated and reported by the
engine system to validate the calibration/software integrity.

34. "Component monitoring" meansthe monitoring of input componentsfor electrical circuit
failures and rationality failures and monitoring of output components for electrical circuit failures
and functionality failures. It refersto componentsthat are electrically connected to the controller(s)
of the engine system.

3.5. "Confirmed and active DTC" meansa DTC that is stored during the time the OBD
system concludes that a malfunction exists.

1Y Thenumbering of thisannex isconsistent with the numbering of the draft gtr on WWH-OBD.
However, some paragraphs of the WWH-OBD gtr are not needed in this annex.
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3.6. " Continuous-M1" meansthe malfunction indicator showing asteady indication at all times
while the key isin the on (run) position with the engine running (ignition on - engine on).

3.7. "Deficiency” meansan OBD monitoring strategy or other OBD feature that does not meet
all the detailed requirements of this annex.

3.8. "Diagnostic trouble code (DTC)" means a numeric or aphanumeric identifier which
identifies or labels a malfunction.

3.9. "Electrical circuit failure" means a malfunction (e.g. open circuit or short circuit) that
leadsto the measured signal (i.e. voltages, currents, frequencies, etc.) being outsidetherangewhere
the transfer function of the sensor is designed to operate.

3.10. "Emission OBD family" means a manufacturer's grouping of engine systems having
common methods of monitoring/diagnosing emission-related malfunctions.

3.11. "Emission threshold monitoring” means monitoring of a malfunction that leads to an
excess of the OTLs. It consists of:
(@ direct emissions measurement via a tail pipe emissions sensor(s) and a model to
correlate the direct emissions to test-cycle specific emissions; and/or
(b) indication of an emissions increase via correlation of computer input/output
information to test-cycle specific emissions.

3.12. "Engine system" meansthe engine as it would be configured when tested for its exhaust
emissions on a approval test-bed, including:

€) the engine's electronic management controller(s);

(b)  theexhaust after-treatment system(s);

(c) any emission-related component of the engine or the exhaust system which
supplies input to, or receives output from, the engine's electronic management
controller(s); and

(d)  the communication interface (hardware and messages) between the engine's
€l ectronic management controller(s) and any other power train or vehicle control
unit if the exchanged information has an influence on the control of emissions.

3.13. "Functionality failure" meansamalfunction where an output component does not respond
to acomputer command in the expected way.

3.14. "Malfunction emission control strategy (MECS)" means a strategy within the engine
system that is activated as aresult of an emission-related malfunction.

3.15. "Malfunction indicator (MI)" is an indicator which clearly informs the driver of the
vehiclein the event of amalfunction. The Ml ispart of the alert system (see" continuous-M1", "on-
demand-MI", and "short-M1").

3.16. "Malfunction" means afailure or deterioration of an engine system, including the OBD
system, that may |lead either to an increase in any of the regulated pollutants emitted by the engine
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system or to areduction in the effectiveness of the OBD system.

3.17. "MI status® meansthe command status of the M1, being either continuous-M|I, Short-Ml,
on-demand-MI, or off.

3.18. "Monitoring" (see" emission threshold monitoring", " performance monitoring”, and "total
functional failure monitoring")

3.19. "OBD test-cycle" meansthe cycle over which an engine system is operated on an engine
test-bed to evaluate the response of an OBD system to the presence of a qualified deteriorated
component.

3.20. "OBD-parent engine system" means an engine system that has been selected from an
emission-OBD family for which most of its OBD elements of design are representative of that
family.

3.21. "On-board diagnostic system (OBD)" means asystem on-board avehicle or enginewhich
has the capability:
(& of detecting malfunctions, affecting the emission performance of the engine system,
(b) of indicating their occurrence by means of an alert system;
(c) of identifying thelikely areaof the malfunctions by means of information storedin
computer memory and/or communicating that information off-board.

3.22. "On-demand-MI" means the malfunction indicator showing a steady indication in
responseto amanual demand from the driving position when the key isin the on (run) position with
the engine off (ignition on - engine off).

3.23. "Operating sequence” means a sequence consisting of an engine start-up, an operating
period, an engine shut-off, and the time until the next start-up, where aspecific OBD monitor runsto
completion and a malfunction would be detected if present.

3.24. "Pending DTC" means a DTC that is stored by the OBD system because a monitor has
detected a situation where a malfunction may be present during the current or last completed
operating sequence.

3.25. "Performance monitoring" means malfunction monitoring that consists of functionality
checks and monitoring parametersthat are not correlated to emission thresholds. Such monitoring is
typically done on components or systems to verify that they are operating within the proper range
(e.g. differential pressurein case of a DPF).

3.26. "Potential DTC" meansa DTC that is stored by the OBD system because a monitor has
detected a situation where a malfunction may be present but requires further evaluation to be
confirmed. A potential DTC isapending DTC which is not a confirmed and active DTC.

3.27. "Previously active DTC" meansaformerly confirmed and active DTC that remainsstored
after the OBD system has concluded that the malfunction that caused the DTC isno longer present.
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3.28. "Qualified deteriorated component or system (QDC)"means acomponent or system that
has been intentionally deteriorated (e.g. accelerated aging) and/or manipulated in a controlled
manner and which has been accepted by the authorities according to the provisions set in this annex.

3.29. "Rationality failure" means amalfunction where the signal from an individual sensor or
component is at variance with that expected when assessed against signals available from other
sensors or componentswithin the control system. Rationality failuresinclude malfunctionsthat lead
to the measured signal (i.e. voltages, currents, frequencies, etc.) being inside the range where the
transfer function of the sensor is designed to operate.

3.30. "Readiness’ means a statusindicating whether amonitor or agroup of monitorshaverun
since the last erasing by request of an external OBD scan-tool.

3.3L "Scan-tool" means an externa test equipment used for standardised off-board
communication with the OBD system in accordance with the requirements of this annex.

3.32. " Short-MI" means the mal function indicator showing asteady indication fromthetimethe
key is moved to on (run) position and the engine is started (ignition on - engine on) and
extinguishing after 15 seconds or the key is moved to off, whichever occursfirst.

3.33. "Software calibration identification" means a series of aphanumeric characters that
identifies the emission-related calibration / software version(s) installed in the engine system.

3.34. "Total functional failure monitoring" means monitoring amalfunction whichisleading to
acomplete loss of the desired function of a system.

3.35. "Warm-up cycle" means sufficient engine operation such that the cool ant temperature has
risen by at least 295 K (22 °C/ 40 °F) from engine starting and reaches a minimum temperature of
333K (60 °C/ 140 °F) 2/.

3.36. Abbreviations

cv Crankcase Ventilation

DOC Diesel Oxidation Catalyst

DPF Diesel Particulate Filter or Particulate Trap including catalyzed DPFs and
Continuously Regenerating Traps (CRT)

DTC Diagnostic trouble code

EGR Exhaust Gas Recirculation

HC Hydrocarbon

LNT Lean NOy Trap (or NOy absorber)

MECS Malfunction Emission Control Strategy

NOy Oxides of Nitrogen

2/ Thisdefinition does not imply that a temperature sensor is necessary to measure the
coolant temperature.
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4.1.

4.1.1.

4.1.2.

41.2.1.

OTL OBD Threshold Limit

PM Particul ate Matter

SCR Selective Catalytic Reduction

SW Screen Wipers

TFF Total Functional Failure monitoring

VGT Variable Geometry Turbocharger
VVT Variable Valve Timing

GENERAL REQUIREMENTS

In the context of this annex, the OBD system shall have the capability of detecting In
malfunctions, of indicating their occurrence by means of a malfunction indicator, of
identifying the likely area of the malfunctions by means of information stored in
computer memory, and communicating that information off-board.

The OBD system shall be designed and constructed so asto enableit to identify types of
malfunctions over the complete life of the vehicle/engine. In achieving this objective,
the administrative department will recognize that engines which have been used in
excess of their regulatory useful life may show some deterioration in OBD system
performance and sensitivity such that the OBD thresholds may be exceeded before the
OBD system signals amalfunction to the driver of the vehicle.

The above paragraph does not extend the engine manufacturer's complianceliability for
an engine beyond itsregulated useful life (i.e. thetime or distance period during which
emission standards or emission limits continue to apply).

Application for approval of an OBD system

Primary approval

The manufacturer of an engine system may apply for the approval of itsOBD systemin

one of the three following manners:

(@ The manufacturer of an engine system applies for the approval of an individual
OBD system by demonstrating that OBD system complieswith all the provisions
of this annex.

(b) The manufacturer of an engine system applies for the approval of an emission-
OBD family by demonstrating that the OBD-parent engine system of the family
complies with all the provisions of this annex.

The manufacturer of an engine system applies for the approval of an OBD system by
demonstrating that OBD system meets the criteria for belonging to an emission-OBD
family that has already been certified.

Extension / Modification of an existing certificate

Extension to include a new engine system into an emission-OBD family
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At therequest of the manufacturer and upon approval of the administrative department,
anew engine system may be included asamember of acertified emission-OBD family
if al the engine systems within the so-extended emission-OBD family still have
common methods of monitoring / diagnosing emission-related malfunctions.

If al OBD elements of design of the OBD-parent engine system are representative of
those of the new engine system, then the OBD-parent engine system shall remain
unchanged and the manufacturer shall modify the documentation package according to
paragraph 8 of this annex.

If the new engine system contains elements of design that are not represented by the
OBD-parent engine system but itself would represent the whole family, then the new
engine system shall become the new OBD-parent engine system. In this case the new
OBD e ements of design shall be demonstrated to comply with the provisions of this
annex, and the documentation package shall be modified according to paragraph 8. of
this annex.

Extension to address a design change that affects the OBD system

At therequest of the manufacturer and upon approval of the administrative department,
an extension of an existing certificate may be granted in the case of adesign change of
the OBD system if the manufacturer demonstrates that the design changes comply with
the provisions of this annex.

The documentation package shall be modified according to paragraph 8. of this annex.

If the existing certificate applies to an emission-OBD family, the manufacturer shall
justify to the administrative department that the methods of monitoring/diagnosing
emission-related malfunctions are still common within the family and that the OBD-
parent engine system remains representative of the family.

Certificate modification to address a malfunction reclassification

This paragraph applies when, following a request by the authority that granted the
approval, or at its own initiative, the manufacturer applies for a modification of an
existing certificate in order to reclassify one or several malfunctions.

The compliance of the new classification shall then be demonstrated according to the
provisions of thisannex and the documentation package shall be modified according to
paragraph 8 of this annex.
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4.2.

4.2.1.

42.1.1.

M onitoring reguirements

All emission-related components and systems included in an engine system shall be
monitored by the OBD system in accordance with the requirements set in appendix 3.
However, the OBD system is not required to use a unique monitor to detect each
malfunction referred to in appendix 3.

The OBD system shall aso monitor its own components.

Theitemsof appendix 3 list the systems or components required to be monitored by the
OBD system and describes the types of monitoring expected for each of these
components or systems (i.e. emission threshold monitoring, performance monitoring,
total functional failure monitoring, or component monitoring).

The manufacturer can decide to monitor additional systems and components.
Selection of the monitoring technique

Approval authorities may approve a manufacturer's use of another type of monitoring
technique than the one mentioned in appendix 3. The chosen type of monitoring shall
be shown by the manufacturer, to be robust, timely and efficient (i.e. through either
technical considerations, test results, previous agreements, etc.).

In caseasystem and/ or component is not covered by appendix 3 the manufacturer shall
submit for approval to the administrative department an approach to monitoring. The
administrative department will approve the chosen type of monitoring and monitoring
technique (i.e. emission threshold monitoring, performance monitoring, total functional
failure monitoring, or component monitoring) if it has been shown by the manufacturer,
by reference to those detailed in appendix 3, to be robust, timely and efficient (i.e.
through either technical considerations, test results, previous agreements, etc.).

Correlation to actual emissions

In the case of emission threshold monitoring, a correlation to test-cycle specific
emissions shall berequired. Thiscorrelation would typically be demonstrated on atest
engine in alaboratory setting.

In all other monitoring cases (i.e. performance monitoring, total functiona failure
monitoring, or component monitoring), no correlation to actual emissionsis necessary.
However, the administrative department may request test datato verify the classification
of the malfunction effects as described in paragraph 6.2. of this annex.

Examples:

An electrica malfunction may not require a correlation because this is a yes/no
malfunction. A DPF malfunction monitored via delta pressure may not require a
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correlation because it anticipates a malfunction.

If the manufacturer demonstrates, according to the demonstration requirements of this
annex, that emissions would not exceed the OBD threshold limits upon total failure or
removal of a component or system, a performance monitoring of this component or
system shall be accepted.

When a tailpipe emission sensor is used for monitoring the emissions of a specific
pollutant all other monitors may be exempted from further correlation to the actual
emissionsof that pollutant. Nevertheless, such exemption shall not precludethe need to
include these monitors, using other monitoring techniques, as part of the OBD system as
the monitors are still needed for the purpose of malfunction isolation.

A malfunction shall always be classified according to paragraph 4.5. based on itsimpact
on emissions, regardless of the type of monitoring used to detect the malfunction.

Component monitoring (input/output components/systems)

In the case of input componentsthat belong to the engine system, the OBD system shall
at aminimum detect electrical circuit failures and, where feasible, rationality failures.

The rationality failure diagnostics shall then verify that a sensor output is neither
inappropriately high nor inappropriately low (i.e. there shal be "two-sided"
diagnostics).

To the extent feasible, and with the agreement of the administrative department, the
OBD system shall detect separately, rationality failures (e.g. inappropriately high and
inappropriately low), and electrical circuit failures (e.g. out-of-range high and out-of-
rangelow). Additionally, unique DTCsfor each distinct malfunction (e.g. out-of-range
low, out-of-range high and rationality failure) shall be stored.

In the case of output components that belong to the engine system, the OBD system
shall at a minimum detect electrical circuit failures, and, where feasible, if the proper
functional response to computer commands does not occur.

To the extent feasible, and with the agreement of the administrative department, the
OBD system shall detect separately functionality failures, electrical circuit failures (e.g.
out-of-range high and out-of-range low) and store unique DTCs for each distinct
malfunction (e.g. out-of-range low, out-of-range high, functionality failure).

The OBD system shall also perform rationality monitoring on the information coming
from or provided to components that do not belong to the engine system when this
information compromises the emission control system and/or the engine system for
proper performance.
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4.2.2.1.

4.2.3.

Exception to component monitoring

Monitoring of electrical circuit failures, and to the extent feasible, functionality, and

rationality failures of the engine system shall not be required if al the following

conditions are met:

(a8 thefailureresultsinanemissionincrease of any pollutant of lessthan 50 per cent
of the regulated emission limit, and

(b) thefailure does not cause any emission to exceed the regulated emission limit 3/,
and

(c) thefailuredoesnot affect acomponent or system enabling the proper performance
of the OBD system.

Determination of the emissionsimpact shall be performed on a stabilized engine system
in an engine dynamometer test cell, according to the demonstration procedures of this
annex.

Monitoring frequency

Monitors shall run continuously, at any time where the monitoring conditions are
fulfilled, or once per operating sequence (e.g. for monitors that lead to an increase of
emission when it runs).

When a monitor does not run continuously, the manufacturer shall clearly inform the
administrative department and describe the conditions under which the monitor runs.

The monitors shall run during the applicable OBD test-cycle as specified in
paragraph 7.2.2.

A monitor shall be regarded as running continuously, if it runs at a rate not less than
once per second. If acomputer input or output component is sampled |ess frequently
than one sample per second for engine control purpose, amonitor shall also regarded as
running continuously, if the signal of the component is evaluated each time sampling
oCCurs.

For components or systems monitored continuousdly, it is not required to activate an
output component/system for the sole purpose of monitoring that output
component/system.

3/ Themeasured value shall be considered taking into account the relevant precision tol erance of
the test-cell system and the increased variability in the test results due to the malfunction.
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Requirements for recording OBD information

When a malfunction has been detected but is not yet confirmed, the possible
malfunction shall be considered asa" Potential DTC" and accordingly a"Pending DTC"
status shall be recorded. A "Potential DTC" shall not lead to an activation of the alert
system according to paragraph 4.6.

Within the first operating sequence, a malfunction may be directly considered
"confirmed and active" without having been considered a"potential DTC". It shall be
given the "Pending DTC" and a"confirmed and active DTC" status.

In case a malfunction with the previously active status occurs again, that malfunction
may at the choice of manufacturer bedirectly giventhe"Pending DTC" and " confirmed
and active DTC" status. Without having been given the "potential DTC" status. If that
malfunction is given the potential status, it shall also keep the previously active status
during the timeit is not yet confirmed or active.

The monitoring system shall conclude whether a malfunction is present before the end
of the next operating sequence following itsfirst detection. At thistime, a"confirmed
and active" DTC shall be stored and the aert system be activated according to

paragraph 4.6.

In case of arecoverable MECS (i.e. the operation automatically returns to normal and
the MECS is de-activated at the next engine ON), a"confirmed and active" DTC need
not be stored unless the MECS is again activated before the end of the next operating
sequence. In case of anon-recoverable MECS, a"confirmed and active" DTC shall be
stored as soon as the MECS is activated.

In some specific cases where monitors need more than two operating sequences to
accurately detect and confirm a malfunction (e.g. monitors using statistical models or
with respect to fluid consumption on the vehicle), the administrative department may
permit the use of more than two operating sequences for monitoring provided the
manufacturer justifies the need for the longer period (e.g. by technical rationale,
experimental results, in house experience, etc.).

When a confirmed and active malfunction is no longer detected by the system during a
complete operating sequence, it shall be given the previously active status by the start of
the next operating sequence and keep that status until this malfunction is erased by a
scan tool or erased from the computer memory according to paragraph 4.4.

Note: The requirements prescribed in this paragraph areillustrated in appendix 2 .

Requirements for erasing OBD information

DTC and the applicableinformation (inclusive the associated freeze frame) shall not be
erased by the OBD system itself from the computer memory until that DTC hasbeenin
the previously active statusfor at |east 40 warm-up cycles or 200 engine operating hours,
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4.5.

45.1.

45.2.

whichever occurs first. The OBD system shall erase al the DTCs and the applicable
information (inclusive the associated freeze frame) upon request of a scan tool or a
mai ntenance tool.

Requirements for malfunction classification

Malfunction classification specifies the class to which amalfunction is assigned when
such amalfunction is detected, according to the requirements of paragraph 4.2. of this
annex.

A malfunction shall be assigned to one classfor the actual life of the vehicle unlessthe
authority that granted the certificate or the manufacturer determinesthat reclassification
of that malfunction is necessary.

If amalfunction would result in adifferent classification for different regulated pollutant
emissions or for its impact on other monitoring capability, the malfunction shall be
assigned to the class that takes precedence in the discriminatory display strategy.

If an MECSis activated as aresult of the detection of a malfunction, this malfunction
shall be classified based on either the emission impact of the activated MECS or its
impact on other monitoring capability. The malfunction shall then assigned to the class
that takes precedence in the discriminatory display strategy.

Class A malfunction

A malfunction shall be identified as Class A when the relevant OBD threshold limits
(OTLs) are assumed to be exceeded.

It is accepted that the emissions may not be above the OTLs when this class of
malfunction occurs.

Class B1 mafunction

A malfunction shall be identified as Class B1 where circumstances exist that have the
potential to lead to emissions being abovethe OTL sbut for which the exact influence on
emission cannot be estimated and thus the actual emissions according to circumstances
may be above or below the OTLSs.

Examplesof Class B1 malfunctions may include malfunctions detected by monitorsthat
infer emission levels based on readings of sensors or restricted monitoring capability.

Class B1 mafunctions shall include malfunctions that restrict the ability of the OBD
system to carry out monitoring of Class A or B1 malfunctions.
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Class B2 malfunction

A mafunction shall beidentified as Class B2 when circumstances exist that are assumed
to influence emissions but not to alevel that exceeds the OTL.

Malfunctions that restrict the ability of the OBD system to carry out monitoring of
Class B2 malfunctions of shall be classified into Class B1 or B2.

Class C mafunction

A mafunction shall be identified as Class C when circumstances exist that, if
monitored, are assumed to influence emissions but to alevel that would not exceed the
regulated emission limits.

Malfunctions that restrict the ability of the OBD system to carry out monitoring of
Class C malfunctions shall be classified into Class B1 or B2.

Alert system

The failure of acomponent of the alert system shall not cause the OBD system to stop
functioning.

MI specification

The malfunction indicator shall be perceptible by the driver from the driver's seat
position under all lighting conditions. The malfunction indicator shall comprise a
yellow (as defined in Annex 5 to UNECE Regulation No. 7) or amber (as defined in
Annex 5 to UNECE Regulation No. 6) warning signal identified by the FO1 symbol in
accordance with SO Standard 2575:2004.

MI illumination schemes

Depending on the malfunction(s) detected by the OBD system, the MI shall be
illuminated according to one of the activation modes described in the following table

Activation mode 1 | Activation mode 2 | Activation mode 3 | Activation mode 4
ClassB Class A
Conditions of : ClassC malfunction and | malfunction or B1
o No malfunction )
activation malfunction B1 counters counter
<200h >200 h
Key on No display Discriminatory Discriminatory Discriminatory
engine on display strategy display strategy display strategy
Key on Harmonized Harmonized Harmonized Harmonized
engine off display strategy display strategy display strategy display strategy
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The display strategy requires the M1 to be activated according to the classin which a
malfunction has been classified. Thisstrategy shall be locked by software coding that
shall not be routinely available via the scan tool.

The M1 activation strategy at key on, engine off is described in paragraph 4.6.4.

FiguresB1 and B2 illustrate the prescribed activation strategies at key on, engine on or
off.

ENGINE ON ENGINE OFF

a) Ml (bulb) functioning, no malfunction to report, and the readiness of all monitored components "compl ete”.

- Bulb Test Ready Mode 1 - No DTCs
MI On M| On es—i

=

o o

> O

Separator Separator
Ml Off MI Offs
Trip Duration 5s 10s 5s 58" 1s '5s

b) MI (bulb) functioning, no malfunction to report, and at least one component with readiness "not complete”.

M| One= MI On Bulb Test Not Ready Mode 1 - No DTCs
-
= “Ready Status” reporting is !
2 not supported while engineis on . O
Separator Separator
Ml Off
MI Off ==
Trip Duration 5s 10s 5s 5s” 1s '5s
¢) Ml (bulb) non operational
Bulb Test

M| One= MI One=

5 5

> >

M <
MI Off MI Off ==

Discriminat
Trip Duration 5s 10s 5s 5s lscsrltrantl:: ory
Figure B1

Bulb test and readiness indication
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WWH Harmonized
Non-Discriminatory System

Discriminatory System

ENGINE ON ENGINE OFF

d) activation mode 4

iBuIb Test Ready Mode 4 - Continuous Ml
-—

MI On<- MI On

(5}
KeyQn..

Separator Separator

ES
Q

b
|.-.

Ml Off
) T —
Trip Duration 5s 10s 5s 5s

e activation mode 3

.
¢ Bulb Test Read Mode 3 - Short:MI
MI On MI One—i Y

Key On

Key.On.

Separator Separator

MI Off

.
M1 Off ==
< —
15 seconds 5s 10s 5s 5s 5s 5s

f) activation mode 2

i Bulb Test Ready Mode 2 - On Deman M|

MI One=——

MI On

on.

A

gl
H Separator Separator

MI Off=
MI Off 5s 10s 5s 5s”7°3s °5s

Key On

0) activation mode 4 with "not ready" status.

MI On MI On EBuIb Test Not Ready Mode 4 - Continuous Ml

Key On
KeyQn.. .|

Separator

b=

Ml Off

Ml Off
<~ e
Trip Duration 5s 10s 5s 5s

h) activation mode 3 with "not ready" status.

< Bulb Test Not Ready Mode 3 - Short MI

MI On MI One=
“Ready Status” reporting is SE
not supported while engine is on. 5:
X
H Separator
Ml Off MI Off <=
10s 5s 5s 5s 5s

15 seconds 5s

Key On

Figure B2:
Malfunction display strategy: only the discriminatory strategy is applicable
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4.6.3.

4.6.3.1.

4.6.3.1.1.

4.6.3.1.2.

4.6.3.1.3.

4.6.3.1.4.

MI activation at "engine on"

When the key is placed in the on position and the engine is started (engine on), the M|
shall be commanded off unless the provisions of paragraph4.6.3.1. and/or
paragraph 4.6.3.2. have been met.

MI display strategy
For the purpose of activating the M1, continuous-M| shall take precedence to short-Ml

and on-demand-MI. For the purpose of activating the MI, short-MI shall take
precedence to on-demand-MI.

Class A malfunctions

The OBD system shall command a continuous-M| upon storage of a confirmed DTC
associated with a Class A malfunction.

Class B mafunctions

The OBD system shall command a "short-MI" at the next key-on event following
storage of a confirmed and active DTC associated with a Class B malfunction.

Whenever a B1 counter reaches 200 hours, the OBD system shal command a
continuous-Ml.

Class C mafunctions

The manufacturer may make availableinformation on Class C malfunctionsthrough the
use of an on-demand-M1 that shall be available until the engine is started.

M| de-activation scheme

The "continuous-M|I" shall switch to a"short-MI" if a single monitoring event occurs
and the malfunction that originally activated the continuous-MI is not detected during
the current operating sequence and a continuous-MI is not activated due to another
malfunction.

The "short-MI" shall be deactivated if the malfunction is not detected during
3 subsequent sequential operating sequences and the M1 isnot activated due to another
Class A or B malfunction.
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MI activation at key-on/engine-off

The MI activation at key-on/engine-off shall consist of two sequences separated by

a5 seconds M1 off:

(8 thefirst sequenceisdesigned to provide anindication of the M1 functionality and
the readiness of the monitored components,

(b) the second sequence is designed to provide an indication of the presence of a
malfunction.

The second sequence is repeated until engine is started (engine-on) or the key set on
key-off position.

MI functionality/readiness
TheMI shall show asteady indicationfor 5 secondsto indicate that the M| isfunctional .
The MI shall remain at the off position for 10 seconds.

The M1 shall then remain at the on position for 5 seconds to indicate that the readiness
for al monitored components is complete.

The M1 shall blink once per second for 5 seconds to indicate that the readiness for one
or more of the monitored components is not compl ete.

The M1 shall then remain off for 5 seconds.
Presence / absence of a malfunction

Following the sequence described in paragraph 4.6.4.1, the MI shall indicate the
presence of amalfunction by aseries of flashes or acontinuousillumination, depending
on the applicabl e activation mode, as described in the following paragraphs, or absence
of amalfunction by a series of single flashes. When applicable, each flash consists of
als Ml-on followed by a 1s MI-off, and the series of flashes will be followed by a
period of 5 seconds with the M1 off.

Four activation modes are considered, where activation mode 4 shall take precedence
over activation modes 1, 2 and 3, activation mode 3 shall take precedence over
activation modes 1 and 2, and activation mode 2 shall take precedence over activation
mode 1.

Activation mode 1 - absence of malfunction

The M1 shall blink for one flash.
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4.6.4.2.2.

4.6.4.2.3.

4.6.4.2.4.

4.6.5.
4.6.5.1.

4.65.1.1.

Activation mode 2 - "On-demand-M 1"

The M1 shall show blink for two flashes if the OBD system would command an on-
demand-MI| according to the discriminatory display strategy described in
paragraph 4.6.3.1.

Activation mode 3 - "short-M1"

The MI shall blink for three flashes if the OBD system would command a short-M|
according to the discriminatory display strategy described in paragraph 4.6.3.1.

Activation mode 4 - "continuous-M 1"

The MI shall remain continuously ON ("continuous-MI1") if the OBD system would
command acontinuous-M|I according to the discriminatory display strategy describedin
paragraph 4.6.3.1.

Counters associated with malfunctions
MI counters
Continuous-M| Counter

The OBD system shall contain a continuous-M|I counter to record the number of hours
during which the engine has been operated while a continuous-M|I is activated.

The continuous-MI counter shall count up to the maximum value provided in a2 byte
counter with 1 hour resolution and hold that value unless the conditions allowing the
counter to be reset to zero are met.

The continuous-MI counter shall operate as follows:

(@) if starting from zero, the continuous-M| counter shall begin counting assoon asa
continuous-Ml is activated,;

(b) the continuous-MI counter shall halt and hold its present value when the
continuous-MI is no longer activated,

(c) thecontinuous-MI counter shall continue counting from the point at which it had
been held if a malfunction that results in a continuous-M| is detected within 3
operating sequences,

(d) the continuous-MI counter shall start again counting from zero when a
malfunction that resultsin acontinuous-M| isdetected after 3 operating sequences
since the counter was last held;

(e) thecontinuous-M|I counter shall be reset to zero when:

(i)  nomalfunction that resultsin acontinuous-M|I is detected during 40 warm-
up cycles or 200 engine operating hours since the counter was last held
whichever occursfirst; or

(i)  the OBD scan tool commands the OBD System to clear OBD information.
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Cumul ative continuous-M| counter

The OBD system shall contain a cumulative continuous-M| counter to record the
cumulative number of hours during which the engine has been operated over its life
while a continuous-MI is activated.

The cumulative continuous-MI counter shall count up to the maximum value provided
in a 2-byte counter with 1 hour resolution and hold that value.

The cumulative continuous-M|I counter shall not be reset to zero by the engine system, a
scan tool or a disconnection of a battery.

The cumulative continuous-MI counter shall operate as follows:

(@ thecumulative continuous-MI counter shall begin counting when the continuous-
MI is activated.

(b) thecumulative continuous-MI counter shall halt and hold its present value when
the continuous-M1 is no longer activated.

(c) the cumulative continuous-MI counter shall continue counting from the point it
had been held when a continuous-M| is activated.

Figure C1 illustrates the principle of the cumulative continuous-MI counter and
appendix 2 contains examples that illustrate the logic.

Counters associated with Class B1 malfunctions
Single B1-counter

The OBD system shall contain aB1 counter to record the number of hoursduring which
the engine has operated while a Class B1 malfunction is present.

The B1 counter shall operate as follows:

(@ theB1 counter shall begin counting assoon asaClass B1 malfunction is detected
and a confirmed and active DTC has been stored.

(b) theB1 counter shall halt and hold its present value if no Class B1 malfunctionis
confirmed and active, or when all Class B1 malfunction have been erased by a
scan tool.

(c) the B1 counter shall continue counting from the point it had been held if a
subsequent Class B1 malfunction is detected within 3 operating sequences.

In the case where the B1 counter has exceeded 200 engine running hours, the OBD
system shall set the counter to 190 engine running hours when the OBD system has
determined that a Class B1 malfunction is no longer confirmed and active, or when all
Class B1 malfunctions have been erased by a scan tool. The B1 counter shall begin
counting from 190 engine running hoursif asubsequent Class B1 malfunctionis present
within 3 operating sequences.
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Note:

4.6.5.2.2.

4.7.

4.7.1.

4.7.1.1.

The B1 counter shall be reset to zero when three consecutive operating sequences have
occurred during which no Class B1 malfunctions have been detected.

The B1 counter does not indicate the number of engine running hours with a single
Class B1 malfunction present.

The B1 counter may accumulate the number of hours of 2 or more different Class B1
malfunctions, none of them having reached the time the counter indicates.

The B1 counter is only intended to determine when the continuous-MI shall be
activated.

Figure C2illustrates the principle of the B1 counter and appendix 2 contains examples
that illustrate the logic.

Multiple B1-counters

A manufacturer may use multiple B1 counters. In that case the system shall be capable
of assigning a specific B1 counter to each class B1 malfunction.

The control of the specific B1 counter shall follow the same rules as the single B1
counter, where each specific B1 counter shall begin counting when the assigned
Class B1 malfunction is detected.

OBD information

Recorded information

Theinformation recorded by the OBD system shall be avail able upon off-board request
in the following packages manner:

(@ information about the engine state;

(b) information about active emission-related malfunctions;

(c) information for repair.

Information about the engine state

Thisinformation will provide an enforcement agency 4/ with the malfunction indicator
status and associated data (e.g. continuous-M|I counter, readiness).

The OBD system shall provideall information (according to the applicable standard set
in appendix 6) for the external roadside check test equipment to assimilate the data and
provide an enforcement agent with the following information:

(@ discriminatory/non-discriminatory display strategy;

(b) theVIN (vehicleidentification number);

4/  Atypica useof thisinformation package may be to establish basic emission road-worthiness
of the engine system.
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(c) presence of acontinuous-Ml;

(d) thereadiness of the OBD system,

(e) the number of engine operating hours during which a continuous-M| was last
activated (continuous-M|I counter).

Thisinformation shall be read only access (i.e. no clearing).
Information about active emission-related malfunctions

Thisinformation will provide any inspection station 5/ with a subset of engine related
OBD dataincluding the malfunction indicator status and associated data (M| counters),
alist of active/confirmed malfunctions of classes A and B and associated data (e.g. B1-
counter).

The OBD system shall provideall information (according to the applicable standard set

in appendix 6) for the external inspection test equipment to assimilate the data and

provide an inspector with the following information:

(@ the gtr (and revision) number, to be integrated into Regulation No. 49 type
approva marking;

(b) discriminatory/ non-discriminatory display strategy;

(c) theVIN (vehicleidentification number);

(d) theMalfunction Indicator status,

(e) the Readiness of the OBD system;

(f)  number of warm-up cycles and number of engine operating hours since recorded
OBD information was last cleared;

(g) the number of engine operating hours during which a continuous-MI| was last
activated (continuous-M| counter);

(h) thecumulated operating hourswith acontinuous-M|I (cumulative continuous-MlI
counter);

(i) thevalue of the B1 counter with the highest number of engine operating hours;

() theconfirmed and active DTCsfor Class A malfunctions;

(k) the confirmed and active DTCs for Classes B (B1 and B2) malfunctions;

()  the confirmed and active DTCs Class B1 malfunctions,

(m) the software calibration identification(s);

(n) the calibration verification number(s).

This information shall be read only access (i.e. no clearing).
Information for repair

This information will provide repair technicians with all OBD data specified in this
annex (e.g. freeze frame information).

5/ A typical use of thisinformation package may be to establish detailed understanding of the
emission road-worthiness of the engine system.
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4.7.1.4.

The OBD system shall provideall information (according to the applicable standard set
in appendix 6) for the external repair test equipment to assimilate the dataand providea
repair technician with the following information:

(@ gtr (and revision) number, to be integrated into Regulation No. 49 type approval
marking;

(b)  VIN (vehicleidentification number);

(c) malfunction indicator status,

(d) readiness of the OBD system;

(60  number of warm-up cycles and number of engine operating hours since recorded
OBD information was last cleared;

(f)  monitor status (i.e. disabled for the rest of this drive cycle complete this drive
cycle, or not completethisdrive cycle) sincelast engine shut-off for each monitor
used for readiness status;

(99 number of engine operating hours since the malfunction indicator has been
activated (continuous M1 counter);

(h) confirmed and active DTCsfor Class A malfunctions;

(i) confirmed and active DTCsfor Classes B (B1 and B2) malfunctions,

() cumulated operating hours with a continuous-MI (cumulative continuous-Ml
counter);

(k) value of the B1 counter with the highest number of engine operating hours;

(1) confirmed and active DTCsfor Class B1 malfunctions and the number of engine
operating hours from the B1-counter(s);

(m) confirmed and active DTCsfor Class C mafunctions,

(n) pending DTCsand their associated class;

(o) previoudy active DTCs and their associated class;

(p) rea-timeinformation on OEM selected and supported sensor signals, internal and
output signals (see paragraph 4.7.2 and appendix 5);

(q) freezeframedatarequested by thisannex (see paragraph 4.7.1.4. and appendix 5);

() software calibration identification(s);

(s) cdibration verification number(s).

The OBD system shall clear all the recorded malfunctions of the engine system and
related data (operating time information, freeze frame, etc.) in accordance with the
provisions of this annex, when this request is provided via the external repair test
equipment according to the applicable standard set in appendix 6.

Freeze frame information

At least one "freeze frame" of information shall be stored at the time that either a
potential DTC or a confirmed and active DTC is stored at the decision of the
manufacturer. The manufacturer is allowed to update the freeze frame information
whenever the pending DTC is detected again.
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The freeze frame shall provide the operating conditions of the vehicle at the time of
malfunction detection and the DTC associated with the stored data. The freeze frame
shall includetheinformation as shownintable 1 in appendix 5 of thisannex. Thefreeze
frame shall aso include all of the information in tables 2 and 3 of appendix 5 of this
annex that are used for monitoring or control purposes in the specific control unit that
stored the DTC.

Storage of freeze frame information associated with a Class A malfunction shall take
precedence over information associated with a Class B1 malfunction which shall take
precedence over information associated with a Class B2 malfunction and likewise for
information associated with a Class C malfunction. Thefirst malfunction detected shall
take precedence over the most recent malfunction unless the most recent malfunctionis
of ahigher class.

In case adevice is monitored by the OBD system and is not be covered by appendix 5
the freeze frame information shall include elements of information for the sensors and
actuators of thisdevicein away similar to those described in appendix 5. Thisshall be
submitted for approval by the administrative department at the time of approval.

Readiness

A readiness shall be set to "complete" when amonitor or agroup of monitors addressed
by this status have run since the last erasing by request of an external OBD scan-tool.
Readiness shall be set to "not complete" by erasing the fault code memory of a monitor
or group of monitors by request of an external scan-tool.

Normal engine shutdown shall not cause the readiness to change.

The manufacturer may request, subject to approval by the administrative department,
that the ready status for a monitor be set to indicate “complete” without the monitor
having completed if monitoring is disabled for a multiple number of operating
sequences due to the continued presence of extreme operating conditions (e.g. cold
ambient temperatures, high altitudes). Any such request must specify the conditionsfor
monitoring system disablement and the number of operating sequencesthat would pass
without monitor completion before ready status would be indicated as "complete”.

Data stream information

The OBD system shall make availableto ascan tool in real timetheinformation shown
intables 1to4inappendix 5 of thisannex, upon request (actual signal values should be
used in favour of surrogate values).

For the purpose of the calculated load and torque parameters, the OBD system shall
report the most accurate values that are calculated within the applicable electronic
control unit (e.g. the engine control computer).
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4.7.3.

Table 1 in appendix 5 gives the list of mandatory OBD information relating to the
engine load and speed.

Table 2 in appendix 5 showsthe other OBD information which must beincluded if used
by the emission or OBD system to enable or disable any OBD monitors.

Table 3 in appendix 5 shows the information which is required to be included if the
engine is so equipped, senses or calculates the information 6/. At the decision of the
manufacturer, other freeze frame or data stream information may be included.

In case a device is monitored by the OBD system and is not covered by appendix 5
(e.0. SCR), the data-stream information shall include elements of information for the
sensors and actuators of this devicein away similar to those described in appendix 5.
This shall be submitted for approval by the administrative department at the time of
approval.

Access to OBD information

Access to OBD information shall be provided only in accordance with the standards
mentioned in appendix 6 of this annex and the following sub-paragraphs 7/.

Access to the OBD information shall not be dependent on any access code or other
device or method obtai nable only from the manufacturer or its suppliers. Interpretation
of the OBD information shall not require any unique decoding information, unless that
information is publicly available.

A single access method (e.g. a single access point/node) to OBD information shall be
supported to retrieve all OBD information. This method shall permit access to the
complete OBD information required by this annex. This method shall also permit
access to specific smaller information packages as defined in this annex (e.g. road
worthiness information packages in case of emission related OBD)

Accessto OBD information shall be provided using, at |east one of thefollowing series
of standards mentioned in appendix 6:

(@) 1SO/PAS 27145 (CAN-based)

(b) SO 27145 (TCP/IP-based)

(c) SAEJ1939-71

Access to OBD information shall be possible by the means of awired connection.

6/  Itisnot required to equip the engine for the sole purpose of providing the information data
mentioned in tables 2 and 3 of Annex 5.

7/ The manufacturer is allowed to use an additional on-board diagnostic display, such as a
dashboard mounted video display device, for providing access to OBD information. Such an
additional deviceis not subject to the requirements of this annex.
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OBD data shall be provided by the OBD system upon request using scan tool that
complies with the requirements of the applicable standards mentioned in appendix 6
(communication with external tester).

CAN based wired communication

The communication speed on thewired datalink of the OBD system shall be either 250
kbps or 500 kbps.

It is the manufacturer's responsibility to select the baud-rate and to design the OBD
system according to the requirements specified in the standards mentioned in
appendix 6, and referred to in thisannex. The OBD system shall betolerant against the
automatic detection between these two baud-rates exercised by the externa test
equipment.

The connection interface between the vehicle and the external diagnostic test equi pment
(e.g. scan-tool) shall be standardised and shall meet al of the requirements of
SO 15031-3 Type A (12 VDC power supply), Type B (24 VDC power supply) or
SAE J1939-13 (12 or 24 VDC power supply).

(reserved for TCP/IP (Ethernet) based wired communication.)
Connector location

The connector shall belocated in the driver'ssidefoot-well region of the vehicleinterior
in the area bound by the driver's side of the vehicle and the driver's side edge of the
centre console (or the vehicle centreline if the vehicle does not have a centre console)
and at alocation no higher than the bottom of the steering wheel when in the lowest
adjustable position. The connector may not be located on or in the centre console (i.e.
neither on the horizontal faces near the floor-mounted gear selector, parking brakelever,
or cup holders nor on the vertical faces near the stereo/radio, climate system, or
navigation system controls). The location of the connector shall be capable of being
easily identified and accessed (e.g. to connect an off-board tool). For vehicles equipped
with adriver's side door, the connector shall be capable of being easily identified and
accessed by someone standing (or "crouched") outside the driver's side of the vehicle
with the driver's side door open.

The administrative department may approve upon request of the manufacturer an
alternative location provided the installation position shall be easily accessible and
protected from accidental damage during normal conditions of use, e.g. thelocation as
described in SO 15031 series of standards.

If the connector is covered or located in a specific equipment box, the cover or the
compartment door must be removable by hand without the use of any tools and be
clearly labelled "OBD" to identify the location of the connector.
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The manufacturer may equip vehicles with additional diagnostic connectors and data-
links for manufacturer-specific purposes other than the required OBD functions. |If the
additional connector conformsto one of the standard diagnostic connectors allowed in
appendix 6, only the connector required by thisannex shall beclearly labelled "OBD" to
distinguish it from other similar connectors.
4.7.4. Erasing / resetting OBD information by a scan-tool
On request of the scan tool, the following data shall be erased or reset to the value
specified in this annex from the computer memory.
OBD information data Erasable Resetable 8/
malfunction indicator status X
readiness of the OBD system X
number of engine operating hours since the malfunction indicator X
has been activated (continuous M1 counter)
al DTCs X
the value of the B1 counter with the highest number of engine X
operating hours
the number of engine operating hours from the B1-counter(s) X
the freeze frame data requested by this annex X

4.8.

OBD information shall not be erased by disconnection of the vehicle's battery(s).

El ectronic security

Any vehiclewith an emission control unit must include features to deter modification,
except as authorized by the manufacturer. The manufacturer shall authorize
modifications if these modifications are necessary for the diagnosis, servicing,
inspection, retrofitting or repair of the vehicle.

Any reprogramable computer codes or operating parameters shall be resistant to
tampering and afford a level of protection at least as good as the provisions in
SO 15031-7 (SAE J2186) or J1939-73 provided that the security exchangeis conducted
using the protocols and diagnostic connector as prescribed in this annex. Any
removable calibration memory chips shall be potted, encased in a sealed container or
protected by electronic algorithms and shall not be changeable without the use of
specialised tools and procedures.

Computer-coded engine operating parameters shall not be changeabl e without the use of
specialised toolsand procedures (e.g. soldered or potted computer components or sealed
(or soldered) computer enclosures).

Manufacturers shall take adequate steps to protect the maximum fuel delivery setting

8/  tothevaue specified in the appropriate section of this annex
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from tampering while avehicleisin-service.

Manufacturers may apply to the administrative department for an exemption from one of
these requirementsfor those vehiclesthat are unlikely to require protection. Thecriteria
that the administrative department will evaluate in considering an exemption will
include, but are not limited to, the current availability of performance chips, the high-
performance capability of the vehicle and the projected sales volume of the vehicle.

Manufacturers using programmable computer code systems (e.g. electrical erasable
programmabl e read-only memory, EEPROM) shall deter unauthorized reprogramming.
Manufacturers shall include enhanced tamper-protection strategies and write protect
features requiring electronic access to an off-site computer maintained by the
manufacturer. Alternative methodsgiving an equivalent level of tamper protection may
be approved by the administrative department

Durability of the OBD system

The OBD system shall be designed and constructed so asto enableit to identify types of
malfunctions over the complete life of the vehicle or engine system.

Any additional provisions addressing the durability of OBD systems are contained in
this annex.

An OBD system shall not be programmed or otherwise designed to partially or totally
deactivate based on age and/or mileage of the vehicle during the actua life of the
vehicle, nor shall the system contain any algorithm or strategy designed to reduce the
effectiveness of the OBD system over time.

PERFORMANCE REQUIREMENTS

Thresholds

The OTLsfor the applicable monitoring criteriadefined in appendix 3 are defined inthe
main part of this Regulation

Temporary disablement of the OBD system

Approval authorities may approve that an OBD system be temporarily disabled under
the conditions specified in the following sub-paragraphs.

At the time of approval or type-approval, the manufacturer shall provide the
administrative department with the detailed description of each of the OBD system's
temporary disablement strategies and the data and/or engineering evaluation
demonstrating that monitoring during the applicable conditions would be unreliable or
impractical.
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5.2.1

5.2.2.

524.

5.24.1.

In al cases, monitoring shall resume once the conditions justifying temporary
disablement are no longer present.

Engine/vehicle operational safety

Manufacturers may request approval to disable the affected OBD monitoring systems
when operational safety strategies are activated.

The OBD monitoring system is not required to evaluate components during
malfunction if such evaluation would result in arisk to the safe use of the vehicle.

Ambient temperature and atitude conditions

Manufacturers may request approval to disable OBD system monitors at ambient
engine start temperatures below 266 K (-7 degrees Celsius or 20 degrees Fahrenheit) or
above 308 K (35 degrees Celsius or 95 degrees Fahrenheit), or at elevations above
2,500 meters (8,202 feet) above sealevel.

A manufacturer may further request approval that an OBD system monitor be disabled
at other ambient engine start temperatures upon determining that the manufacturer has
demonstrated with data and/or an engineering evaluation that misdiagnosis would
occur at the ambient temperatures because of its effect on the component itself (e.g.
component freezing).

Ambient conditions may be estimated by indirect methods. For example ambient
temperature conditions may be determined based on intake air temperature.

Low fuel level

Manufacturers may request approval to disable monitoring systemsthat are affected by
low fuel level or running out of fuel (e.g. diagnosis of a malfunction of the fuelling
system or misfiring). The low fuel level considered for such a disablement shall not
exceed 100 litres or 20 per cent of the nominal capacity of the fuel tank, whichever is
lower.

Vehicle battery or system voltage levels

Manufacturers may request approval to disable monitoring systemsthat can be affected
by vehicle battery or system voltage levels.

Low voltage

For monitoring systems affected by low vehicle battery or system voltages,
manufacturers may request approval to disable monitoring systemswhen the battery or
system voltage is below 90 per cent of the nominal voltage (or 11.0 Voltsfor al2 Volt
battery, 22.0 Voltsfor a 24 volt battery). Manufacturersmay request approval to utilize
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avoltage threshold higher than this value to disable system monitoring.

Themanufacturer shall demonstrate that monitoring at the voltageswould be unreliable
and that either operation of a vehicle below the disablement criteria for extended
periods of timeisunlikely or the OBD system monitors the battery or system voltage
and will detect amalfunction at the voltage used to disable other monitors.

5.24.2. Highvoltage

For emission related monitoring systems affected by high vehicle battery or system
voltages, manufacturers may reguest approval to disable monitoring systemswhen the
battery or system voltage exceeds a manufacturer-defined voltage.

The manufacturer shall demonstrate that monitoring above the manufacturer-defined
voltage would be unreliable and that either the electrical charging system/alternator
warning lightisilluminated (or voltage gaugeisin the "red zone") or the OBD system
monitorsthe battery or system voltage and will detect amalfunction at the voltage used
to disable other monitors.

5.25. Active PTO (power take-off units)

The manufacturer may request approval to temporarily disable affected monitoring
systemsin vehicles equipped with aPTO unit, under the condition wherethat PTO unit
istemporarily active.

5.2.6. Forced regeneration

The manufacturer may request approval to disable the affected OBD monitoring
systems during the forced regeneration of an emission control system downstream of
the engine (e.g. a particulate filter).

5.2.7. AECS

The manufacturer may request approval to disable OBD system monitors during the
operation of an AECS, including MECS, under conditions not already covered in
paragraph 5.2. if the monitoring capability of a monitor is affected by the operation of
an AECS.

6. DEMONSTRATION REQUIREMENTS

The basic elements for demonstrating the compliance of an OBD system with the

reguirements of this annex are as follows:

(8 procedurefor selecting the OBD-parent engine system. The OBD-parent engine
system is selected by the manufacturer in agreement with the administrative
department.

(b) procedurefor demonstrating the classification of amalfunction. The manufacturer
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6.1.

6.1.1.

6.1.2.

submitsto the administrative department the classification of each malfunction for
that OBD-parent engine system and the necessary supporting data in order to
justify each classification.

(c) procedure for qualifying a deteriorated component. The manufacturer shall
provide, on request of the administrative department, deteriorated componentsfor
OBD testing purposes. These components are qualified on the basis of supporting
data provided by the manufacturer.

Emission-OBD family

The manufacturer isresponsiblefor determining the composition of an emission-OBD
family. Grouping engine systems within an emission-OBD family shall be based on
good engineering judgement and be subject to approval by the administrative
department.

Engines that do not belong to the same engine family may still belong to the same
emission-OBD family.

Parameters defining an emission-OBD family

An emission-OBD family is characterised by basic design parameters that shall be
common to engine systems within the family.

In order that engine systems are considered to belong to the same OBD-engine family,
the following list of basic parameters shall be similar:

(@ mission control systems

(b) methods of OBD monitoring

(c) criteriafor performance and component monitoring

(d) monitoring parameters (e.g. frequency)

These similarities shall be demonstrated by the manufacturer by means of relevant
engineering demonstration or other appropriate procedures and subject to the approval
of the administrative department.

The manufacturer may request approval by the administrative department of minor

differences in the methods of monitoring/diagnosing the engine emission control

system due to engine system configuration variation, when these methods are

considered similar by the manufacturer and:

(@ they differ only to match specificities of the considered components (e.g. size,
exhaust flow, etc.); or

(b) their similarities are based on good engineering judgement.

OBD-parent engine system

Compliance of an emission-OBD family with the requirements of this annex is
achieved by demonstrating the compliance of the OBD-parent engine system of this
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family.

The selection of the OBD-parent engine system is made by the manufacturer and
subject to the approval of the administrative department.

Prior to testing the administrative department may decide to request the manufacturer
to select an additional engine for demonstration.

The manufacturer may also propose to the administrative department to test additional
engines to cover the complete emission-OBD family.

Procedures for demonstrating the malfunction classification

The manufacturer shall provide the documentation justifying the proper classification
of each malfunction to the administrative department. This documentation shall
includeafailureanalysis(for example elementsof a"failuremode and effect analysis")
and may also include:

(@ simulation results

(b) testresults

(c) referenceto previously approved classification

In the following paragraphs the requirements for demonstrating the correct
classification are listed, including requirements for testing. The minimum number of
testsis four and the maximum number of testsis four times the number of engine
families considered within the emission OBD family. The administrative department
may decide to curtail the test at any time before this maximum number of failure
tests has been reached.

In specific cases where the classification testing is not possible (for example, if an
MECSisactivated and the engine cannot run the applicabletest, etc.), the malfunction
may be classified based on technical justification. Thisexception shall be documented
by the manufacturer and is subject to the agreement of the administrative department.

Demonstration of classification into A

The classification by the manufacturer of a malfunction into Class A shall not be
subject to a demonstration test.

If the administrative department disagrees with a manufacturer's classification of a
malfunction as Class A, the administrative department requiresthe classification of the
malfunction into Class B1, B2 or C, as appropriate.

In that case the approval document shall record that the malfunction classification has
been assigned according to the request of the administrative department.
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6.2.2.

6.2.3.

6.2.4.

6.2.5.

Demonstration of classification into B1 (distinguishing between A and B1)

In order to justify the classification of amalfunction into Class B1 the documentation
shall clearly demonstrate that, in some circumstances 9/, the malfunction results in
emissions that are lower than the OTLs.

In the case that the administrative department requires an emission test for

demonstrating the classification of amalfunction into Class B1 the manufacturer shall

demonstrate that the emissions due to that particular malfunction are, in selected

circumstances, below the OTLS:

(@ the manufacturer selects the circumstances of the test in agreement with the
administrative department;

(b) themanufacturer shall not be required to demonstrate that in other circumstances
the emissions due to the malfunction are actually above the OTLSs.

If the manufacturer failsto demonstrate the classification as Class B1, the malfunction
isclassified as Class A.

Demonstration of classification into B1 (distinguishing between B2 and B1)

If the administrative department disagrees with a manufacturer's classification of a
malfunction as Class B1 because it considers that the OTLs are not exceeded, the
administrative department requires the reclassification of that malfunction into Class
B2 or C. In that case the approval documents shall record that the malfunction
classification has been assigned according to the request of the administrative
department.

Demonstration of classification into B2 (distinguishing between B2 and B1)

In order to justify the classification of a malfunction into Class B2 the manufacturer
shall demonstrate that emissions are lower than the OTLs.

In case the administrative department disagrees with the classification of amalfunction
asClass B2 becauseit considersthat the OTL s are exceeded, the manufacturer may be
required to demonstrate by testing that the emissions due to the malfunction are below
the OTLs. If the test fails, then the administrative department shall require the
reclassification of that malfunction into A or B1 and the manufacturer shall
subsequently demonstrate the appropriate classification and the documentation shall be
updated.

Demonstration of classification into B2 (distinguishing between B2 and C)

If the administrative department disagrees with a manufacturer's classification of a

9/ Examples of circumstances that may influence if and when OTLs are exceeded are the age
of the engine system or whether the test is conducted with a new or aged component.
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malfunction as Class B2 because it considers the regulated emission limits are not
exceeded, the administrative department requires the reclassification of that
malfunction into Class C. In that case the approval documents shall record that the
malfunction classification has been assigned according to the request of the
administrative department.

Demonstration of classification into C

In order to justify the classification of a malfunction into Class C the manufacturer
shall demonstrate that emissions are lower than the regulated emission limits.

In case the admini strative department disagrees with the classification of amalfunction
as Class C the manufacturer may be required to demonstrate by testing that the
emissions due to the malfunction are below the regulated emission limits.

If thetest fails, then the administrative department shall request the reclassification of
that malfunction and the manufacturer shall subsequently demonstrate the appropriate
reclassification and the documentation shall be updated.

Procedures for demonstrating the OBD performance

The manufacturer shall submit to the administrative department a complete
documentation package justifying the compliance of the OBD system as regards its
monitoring capability, which may include:

(@ agorithmsand decision charts

(b) testsand/or simulation results

(c) referenceto previously approved monitoring systems, etc.

In the following paragraphs the requirements for demonstrating the OBD performance
arelisted, including requirementsfor testing. The minimum number of testsisfour and
the maximum number of testsis four times the number of engine families considered
within the emission OBD family. The administrative department may decideto curtail
the test at any time before this maximum number of failure tests has been reached.

Procedures for demonstrating the OBD performance by testing

In addition to the supporting data referred to in paragraph 6.3., the manufacturer shall
demonstrate the proper monitoring of specific emission control systemsor components
by testing them on an engine test-bed according to the test procedures specified in
paragraph 7.2. of this annex.

In that case, the manufacturer shall make available the qualified deteriorated
components or the electrical device which would be used to ssmulate a malfunction.

The proper detection of the malfunction by the OBD system and its proper responseto
that detection (cf. M1 indication, DTC storage, etc.) shall be demonstrated according to
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paragraph 7.2.
6.3.2. Procedures for qualifying a deteriorated component (or system)

This paragraph applies to the cases where the malfunction selected for an OBD
demonstration test is monitored against tailpipe emissions 10/ (emission threshold
monitoring - see paragraph 4.2.), by an emission test, the qualification of that
deteriorated component.

In very specific cases the qualification of deteriorated components or systems by
testing may not be possible (for example, if an MECS is activated and the engine
cannot run the applicabletest, etc.). Insuch cases, the deteriorated component shall be
qualified without testing. Thisexception shall be documented by the manufacturer and
is subject to the agreement of the administrative department.

6.3.2.1.  Procedurefor qualifying adeteriorated component used to demonstrate the detection of
classes A and B1 malfunctions

In the case the malfunction sel ected by the administrative department resultsin tailpipe
emissionsthat may exceed an OBD threshold limit, the manufacturer shall demonstrate
by an emission test according to paragraph 7. that the deteriorated component or device
does not result in the relevant emission exceeding its OTL by more than 20 per cent.

6.3.2.2.  Quadification of deteriorated components used to demonstrate the detection of Class B2
malfunctions

In the case of Class B2 malfunctions, and upon request of the administrative
department, the manufacturer shall demonstrate by an emission test according to
paragraph 7. that the deteriorated component or device does not lead the relevant
emission to exceed its applicable OTL.

6.3.2.3.  Qudlification of deteriorated components used to demonstrate the detection of Class C
malfunctions

In the case of Class C malfunctions, and upon request of the administrative department,
the manufacturer shall demonstrate by an emission test according to paragraph 7. that
the deteriorated component or device does not |ead the relevant emission to exceed its
applicable regulated emission limit.

6.3.3. Test report

The test report shall contain, at a minimum, the information set out in appendix 4.

10/ Thisparagraph will be extended to other monitors than mission threshold monitors at alater
stage.
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Approval of an OBD system containing deficiencies

Approval authorities may approve upon request of amanufacturer an OBD system even
though the system contains one or more deficiencies.

In considering the request, the administrative department shall determine whether
compliance with the requirements of this annex isfeasible or unreasonable.

The administrative department shall take into consideration datafrom the manufacturer
that details such factors as, but not limited to, technical feasibility, lead time and
production cyclesincluding phase-in or phase-out of enginesdesigns and programmed
upgrades of computers, the extend to which theresultant OBD system will be effective
in complying with the requirements of this annex and that the manufacturer has
demonstrated an acceptable level of effort toward meeting the requirements of the
annex.

The administrative department will not accept any deficiency request that includesthe
complete lack of a required diagnostic monitor (i.e. a complete lack of the monitors
required in appendix 3).

Deficiency period

A deficiency isgranted for aperiod of oneyear after the date of approval of the engine
system.

If the manufacturer can adequately demonstrate to the administrative department that
substantial engine modificationsand additional |ead timewould be necessary to correct
the deficiency, then this deficiency can be granted again for an additional one year,
provided that the total deficiency period does not exceed 3 years (i.e. 3timesone year
deficiency allowance is permitted).

The manufacturer cannot apply for arenewal of the deficiency period.

TEST PROCEDURES

Testing process

The demonstration by testing of the proper malfunction classification and the
demonstration by testing of the proper monitoring performance of an OBD system are
issues that shall be considered separately during the testing process. For example, a
Class A mafunction will not require a classification test whileit may be subject to an
OBD performance test.

Where appropriate, the sametest may be used to demonstrate the correct classification
of a malfunction, the qualification of a deteriorated component provided by the
manufacturer and the correct monitoring by the OBD system.
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7.1.1.

Note:

7.1.2.

The engine system on which the OBD system istested shall comply with the emission
requirements of this Regulation.

Testing process for demonstrating the malfunction classification

When, according to paragraph 6.2., the administrative department requests the
manufacturer to justify by testing the classification of a specific malfunction, the
compliance demonstration will consist of a series of emission tests.

According to paragraph 6.2.2., when testing is required by the administrative

department to justify the classification of a malfunction into Class B1 rather than in

Class A, the manufacturer shall demonstrate that the emissions due to that particular

malfunction are, in selected circumstances, below the OTLSs:

(@) the manufacturer selects these circumstances of test in agreement with the
administrative department

(b) themanufacturer shall not be required to demonstrate that in other circumstances
the emissions due to the malfunction are actually above the OTLSs.

The emission test may be repeated upon request of the manufacturer up to threetimes.

If any of thesetests|eadsto emissions below the considered OTL, then the malfunction
classification into Class B1 shall be approved.

When testing is required by the administrative department to justify the classification
of amalfunction into Class B2 rather than in Class B1 or into Class C rather than in
Class B2, the emission test shall not be repeated. If the emissions measured in the test
are above the OTL or the emission limit, respectively, then the malfunction shall
require areclassification.

According to paragraph 6.2.1., this paragraph does not apply to malfunctions classified
into Class A.

Testing process for demonstrating the OBD performance

When the administrative department requests according to paragraph 6.3. to test the

OBD system performance, the compliance demonstration shall consist of thefollowing

phases:

(@ amafunction is selected by the administrative department and a corresponding
deteriorated component or system shall be made available by the manufacturer;

(b) when appropriate and if requested, the manufacturer shall demonstrate by an
emission test that the deteriorated component is qualified for a monitoring
demonstration;

(c) the manufacturer shall demonstrate that the OBD system responds in a manner
that complies with the provisions of this annex (i.e. M| indication, DTC storage,
etc.) at the latest by the end of a series of OBD test-cycles.
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Qualification of the deteriorated component

When the administrative department requests the manufacturer to qualify adeteriorated
component by testing according to paragraph 6.3.2., this demonstration shall be made
by performing an emissions test.

If it is determined that the installation of a deteriorated component or device on an
engine system means that a comparison with the OBD threshold limitsisnot possible
(e.g. becausethe statistical conditionsfor validating the applicable emission test cycle
are not met), the malfunction of that component or device may be considered as
qualified upon the agreement of the administrative department based on technical
rationale provided by the manufacturer.

In the case that the installation of a deteriorated component or device on an engine
meansthat thefull |oad curve (as determined with a correctly operating engine) cannot
be attained during the test, the deteriorated component or device may be considered as
qualified upon the agreement of the administrative department based on technical
rational e provided by the manufacturer.

Malfunction detection

Each monitor selected by the administrative department to be tested on an engine test-
bed, shall respond to theintroduction of aqualified deteriorated component in amanner
that meets the requirements of this annex within two consecutive OBD test-cycles
according to paragraph 7.2.2. of this annex.

When it has been specified in the monitoring description and agreed by the
administrative department that a specific monitor needs more than two operating
seguencesto completeits monitoring, the number of OBD test-cyclesmay beincreased
according to the manufacturer's request.

Each individual OBD test-cycle in the demonstration test shall be separated by an
engine shut-off. The time until the next start-up shall take into consideration any
monitoring that may occur after engine shut-off and any necessary condition that must
exist for monitoring to occur at the next start up.

Thetest isconsidered compl ete as soon asthe OBD system hasresponded in amanner
that meets the requirements of this annex.

Applicable tests

The emission test isthetest-cycle used for the measurement of the regul ated emissions.

The OBD test-cycleisthetest-cycle used when eval uating the performance of the OBD
monitor. In many cases these test-cycles are the same.
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7.2.1.

7.2.2.

7.2.3.

7.3.

8.1

Emission test cycle

The test-cycle considered in this annex for measuring emissions is the WHTC test-
cycle as described in Annex 10.

OBD test cycle

TheWorld-wide harmonized OBD test-cycle considered in thisannex isthe hot part of
the WHTC cycle as described in Annex 10.

Onrequest of the manufacturer and with approval of the administrative department, the

cold part of the WHTC cycle can be used as an dternative OBD test-cycle. The

request shall contain elements (technical considerations, simulation, test results, etc.)

demonstrating:

(@ therequested test-cycle results in a monitor that will run in real world driving,
and;

(b) the applicable world-wide harmonized or regionally accepted OBD test-cycleis
shown to be less appropriate for the considered monitoring (e.g. fluid
consumption monitoring).

Test operating conditions

The conditions (i.e. temperature, atitude, fuel quality etc.) for conducting the tests
referred to in paragraphs 7.2.1. and 7.2.2. shall be those required for operating the
WHTC test cycle as described in Annex 10.

In the case of an emission test aimed at justifying the classification of a specific
malfunction into Class B1, the test operating conditions may, per decision of the

manufacturer, deviate from the ones in the paragraphs above according to
paragraph 6.2.2.

Test reports
The test report shall contain, at a minimum, the information set out in appendix 4.
DOCUMENTATION REQUIREMENTS

Documentation for purpose of approval

The manufacturer shall provide a documentation package that includes a full

description of the OBD system. The documentation package shall be made availablein

two parts:

(& afirst part, which may be brief, provided that it exhibits evidence concerning the
rel ationshi ps between monitors, sensors/actuators, and operating conditions (i.e.
describes all enable conditions for monitors to run and disable conditions that
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cause monitors not to run). The documentation shall describe the functional
operation of the OBD, including the malfunction ranking within the hierarchical
classification. Thismaterial shall be retained by the administrative department.
Thisinformation may be made available to interested parties upon request.

(b) asecond part containing any data, including details of qualified deteriorated
components or systems and associ ated test results, which are used asevidenceto
support the decision process referred to above, and a listing of al input and
output signalsthat are available to the engine system and monitored by the OBD
system. This second part shall also outline each monitoring strategy and the
decision process.

Thissecond part shall remain strictly confidential. 1t may be kept by theadministrative
department, or, at the discretion of the administrative department, may be retained by
the manufacturer but shall be made open for inspection by the administrative
department at the time of approval or at any time during the validity of the approval.

Documentation associated with each monitored component or system

The documentation package included in the second part shall contain but shall not be

limited to the following information for each monitored component or system:

(@ the malfunctions and associated DTC(S);

(b) the monitoring method used for malfunction detection;

(c) theparameters used and the conditions necessary for malfunction detection and
when applicable the fault criteria limits (performance and component
monitoring);

(d) thecriteriafor storingaDTC;

(e) the monitoring "time length" (i.e. the operation time/procedure necessary to
complete the monitoring) and the monitoring "frequency” (e.g. continuous, once
per trip, €tc.).

Documentation associated with the malfunction classification

The documentation package included in the second part shall contain but shall not be
limited to the following information for malfunction classification:

The malfunction classification of each DTC shall be documented. Thisclassification
may be different for different engine types (e.g. different engine ratings) within the
same emission-OBD family.

Thisinformation shall include the technical justification required in paragraph 4.2. of
thisannex for classification into Class A, Class B1 or Class B2.

Documentation associated with the emission-OBD family

The documentation package included in the second part shall contain but shall not be
limited to the following information for emission OBD-family:
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8.2.

Note:

8.3.

A description of the emission-OBD family shall be provided. This description shall
include alist and adescription of the engine typeswithin the family, the description of
the OBD-parent engine system, and all elementsthat characterisethefamily according
to paragraph 6.1.1. of this annex.

In the case where the emission-OBD family includes engines belonging to different
engine families, a summary description of these engine families shall be provided.

In addition, the manufacturer shall provide alist of all electronic input and output an
identification of the communication protocol utilized by each emission-OBD family.

Documentation for installing in avehicle an OBD equipped engine system

The engine manufacturer shall include in the installation documents of its engine

system the appropriate requirementsthat will ensure the vehicle, when used on theroad

or elsewhere as appropriate, will comply with the requirements of this annex. This

documentation shall include but is not limited to:

(@) the detailed technical requirements, including the provisions ensuring the
compatibility with the OBD system of the engine system;

(b) theverification procedure to be completed.

The existence and the adequacy of such installation requirements may be checked
during the approval process of the engine system.

In the case avehicle manufacturer appliesfor adirect approval of theinstallation of the
OBD system on the vehicle, this documentation is not required.

Documentation regarding OBD related information

Requirements of appendix 7 have to be fulfilled.
APPENDICES
Appendix 1: Approva of installation of OBD systems

Appendix 2: Malfunctions - Illustration of the DTC status - illustration of the Ml
and counters activation schemes

Appendix 3: Monitoring Requirements

Appendix 4: Technical compliance REPORT
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Freeze frame and data stream information

Reference Standard Documents

Documentation regarding OBD related information
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Annex 11 - Appendix 1

APPROVAL OF INSTALLATION OF OBD SYSTEMS

This appendix considers the case where the vehicle manufacturer requests approval of the
installation on a vehicle of (an) OBD system(s) within an emission OBD family, that is (are)
certified to the requirements of this annex.

In this case, and in addition to the general requirements of this annex, a demonstration of the
correct installation is required. This demonstration shall be done on the basis of the appropriate
element of design, results of verification tests, etc. and address the conformity of the following
elements to the requirements of this annex:

(@ theinstallation on-board the vehicle as regards its compatibility with the OBD

system of the engine-system;
(b) the MI (pictogram, activation schemes, €etc.);
(c) thewired communication interface.

Correct Ml illumination, information storage and on-board off-board OBD communication will be
checked. But any check shall not force dismounting the engine system (e.g. an electric
disconnection may be selected).
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Annex 11 - Appendix 2

MALFUNCTIONS
ILLUSTRATION OF THE DTC STATUS
ILLUSTRATION OF THE Ml AND COUNTERS ACTIVATION SCHEMES

This appendix aims at illustrating the requirements set in paragraphs 4.3. and 4.6.6. of this annex.
It contains the following figures:

Figure 1: DTC statusin case of aclass B1 malfunction

Figure 2 DTC statusin case of 2 consecutive different class B1 malfunctions
Figure 3: DTC statusin case of the re-occurrence of aclass B1 malfunction
Figure 4. Class A malfunction -activation of the MI and M1 counters

figure 5: Class B1 malfunction - activation of the B1 counter in 5 use Cases.

Figure 1. DTC statusin case of aclass B1 malfunction
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N, M  The annex requires the identification of "key" operating sequences during which some
eventsoccurs, and the counting of the subsequent operating sequences. For the purpose of
illustrating this requirement, the "key" operating sequences have been given the valuesN
and M.

E.g. M means the first operating sequence following the detection of a potential
malfunction, and N means the operating sequence during which the M1 is switched OFF.
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Figure 2: DTC statusin case of 2 consecutive different class B1 malfunctions
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N', M'  The annex requires the identification of "key" operating sequences during which some
events occurs, and the counting of the subsequent operating sequences. For the purpose of
illustrating this requirement, the "key" operating sequences have been given the valuesN

and M for the first malfunction, respectively N' and M' for the second one.

E.g. M means the first operating sequence following the detection of a potential
malfunction, and N means the operating sequence during which the M| is switched OFF.
N + 40 thefortieth operating sequence after the first extinction of the MI or 200 engine operating

hours, whichever the earliest.
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Figure 3: DTC statusin case of the re-occurrence of a class B1 malfunction
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means the point a monitoring of the concerned malfunction occurs

The annex requires the identification of "key" operating sequences during which some
eventsoccurs, and the counting of the subsequent operating sequences. For the purpose of
illustrating this requirement, the "key" operating sequences have been given the valuesN
and M for thefirst occurrence of amalfunction, respectively N' and M' for the second one.
E.g. M means the first operating sequence following the detection of a potential
malfunction, and N means the operating sequence during which the M1 is switched OFF.
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Figure 4. Class A malfunction - activation of the M| and M| counters
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Figure 5: Class B1 mafunction - activation of the B1 counter in 5 use Cases.
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Note: In this example, it is assumed that there isa single B1 counter.
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Annex 11 - Appendix 3

MONITORING REQUIREMENTS

The Items of this appendix list the systems or components required to be monitored by the OBD
system, according to paragraph 4.2.

Appendix 3-ltem 1

ELECTRIC/ ELECTRONIC COMPONENTS MONITORING

El ectric/el ectronic components used to control or monitor the emission control systemsdescribed in
this appendix shal be subject to Component Monitoring according to the provisions of
paragraph 4.1. of this annex. This includes, but is not limited to, pressure sensors, temperature
sensors, exhaust gas sensors, in-exhaust fuel or reductant injector(s), in-exhaust burners or heating
elements, glow plugs, intake air heaters.

Wherever a feedback control loop exists, the OBD system shall monitor the system's ability to
maintain feedback control as designed (e.g. to enter feedback control within a manufacturer
specified timeinterval, system fails to maintain feedback control, feedback control has used up al
the adjustment allowed by the manufacturer) - component monitoring.

Appendix 3 - Item 2

DIESEL PARTICULATE FILTER (DPF), OR PARTICULATE MATTER TRAP

The OBD system shall monitor the following elements of the DPF system on engines so-equipped
for proper operation:
(@ DPF substrate: the presence of the DPF substrate - total functional failure monitoring
(b) DPF performance: clogging of the DPF - total functional failure
(c) DPF performance: filtering and regeneration processes (e.g. particul ate accumul ation
during the filtering process and particulate removal during a forced regeneration
process) - performance monitoring (for example, evaluation of measurable DPF
properties such as backpressure or differential pressure, which may not detect all
failure modes that reduce trapping efficiency).
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Appendix 3 - Item 3

SELECTIVE CATALYTIC REDUCTION (SCR) MONITORING

For the purpose of this Item, SCR means selective catalytic reduction or other lean NOy catalyst
device. The OBD system shall monitor the following elements of the SCR system on engines so-
equipped for proper operation:

(@) activelintrusive reductant injection system: the system's ability to regul ate reductant
delivery properly, whether delivered via an in-exhaust injection or an in-cylinder
injection - performance monitoring.

(b) activelintrusive reductant: the on-board availability of the reductant, the proper
consumption of the reductant if a reductant other than fuel is used (e.g. urea) -
performance monitoring.

(c) activelintrusive reductant: to the extent feasible the quality of the reductant if a
reductant other than fuel isused (e.g. urea) - performance monitoring.

Appendix 3 - Item 4

LEAN-NOX TRAP (LNT, OR NOX ADSORBER)

The OBD system shall monitor the following elements of the LNT system on engines so-equipped
for proper operation:

(@ LNT capability: the LNT system's ability to adsorb/store and convert NOy -
performance monitoring.

(b) LNT activelintrusive reductant injection system: the system's ability to regulate
reductant delivery properly, whether delivered via an in-exhaust injection or an in-
cylinder injection - performance monitoring.

Appendix 3- Item 5

DIESEL OXIDATION CATALYST (DOC) MONITORING

This Item applies to DOC that are separate from other after-treatment systems. Those that are
included in the canning of an after-treatment system are covered within the appropriate Item of this
appendix.

The OBD system shall monitor the following elements of the DOC on engines so-equipped for
proper operation:
(@ HC conversion efficiency: the DOC's ahility to convert HC upstream of other after-
treatment devices - total functional failure monitoring.
(b) HC conversion efficiency: the DOC's ability to convert HC downstream of other
after-treatment devices - total functional failure monitoring.
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Appendix 3 - ltem 6

EXHAUST GAS RECIRCULATION (EGR) SYSTEM MONITORING

The OBD system shall monitor the following elements of the EGR system on engines so-equipped
for proper operation:

(@

(b)

(©)

EGR low/high flow: the EGR system’s ability to maintain the commanded EGR flow
rate, detecting both "flow rate too low" and "flow rate too high" conditions -
emission threshold monitoring.

slow response of the EGR actuator: the EGR system's ability to achieve the
commanded flow rate within a manufacturer specified time interval following the
command - performance monitoring.

EGR cooler undercooling performance: the EGR cooler system's ability to achieve
the manufacturer's specified cooling performance - performance monitoring

Appendix 3 - ltem 7

FUEL SYSTEM MONITORING

The OBD system shall monitor the following elements of the Fuel system on engines so-equipped
for proper operation:

@
(b)

(©)

Fuel system pressure control: fuel system ability to achieve the commanded fuel
pressure in closed loop control - performance monitoring.

Fuel system pressure control: fuel system ability to achieve the commanded fuel
pressurein closed loop control in the case where the system is so constructed that the
pressure can be controlled independently of other parameters - performance
monitoring.

Fuel injection timing: fuel system ability to achieve the commanded fuel timing for at
least one of the injection events when the engine is equipped with the appropriate
sensors - performance monitoring.

Appendix 3 - Iltem 8

AIR HANDLING AND TURBOCHARGER/BOOST PRESSURE CONTROL SY STEM

The OBD system shall monitor the following elements of the Air Handling and Turbocharger/Boost
Pressure Control System system on engines so-equipped for proper operation:

(@

(b)

(©

Turbo under/over boost: turbo boost system's ability to maintain the commanded
boost pressure, detecting both "boost pressuretoo low" and "boost pressuretoo high"
conditions - emission threshold monitoring.

Variable geometry turbo (VGT) slow response: VGT system's ability to achievethe
commanded geometry within a manufacturer specified time -performance
monitoring.

Charge air cooling: Charge air cooling system efficiency - total functional failure.
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Appendix 3 - Iltem 9

VARIABLE VALVE TIMING (VVT) SYSTEM

The OBD system shall monitor thefollowing elementsof theVariable Vave Timing (VVT) System
on engines so-equipped for proper operation:
(8 VVT target error: VVT system’s ability to achieve the commanded valve timing -
performance monitoring.
(b) VVT dlow response: VVT system’ s ability to achieve the commanded valve timing
within a manufacturer specified time interval following the command-performance
monitoring.

Appendix 3 - Item 10

MISFIRE MONITORING
No prescriptions.

Appendix 3 - ltem 11

CRANKCASE VENTILATION SYSTEM MONITORING

No prescriptions.



ECE/TRANS/WP.29/2006/125
page 54

Annex 11 - Appendix 3 - Item 12

ENGINE COOLING SYSTEM MONITORING

The OBD system shall monitor the following elements of the Engine cooling system for proper
operation:
(8 Enginecoolant temperature (thermostat): Stuck open thermostat M anufacturersneed
not monitor the thermostat if its failure will not disable any other OBD monitors -
total functional failure.

Manufacturers need not monitor the engine coolant temperature or the engine coolant temperature
sensor if the engine coolant temperature or the engine coolant temperature sensor is not used to
enabl e closed-loop/feedback control of any emissions control systems and/or will not disable any
other monitor.

Manufacturers may suspend or delay the monitor for the timeto reach closeloop enable temperature
if the engineis subjected to conditions that could lead to false diagnosis (e.g. vehicle operation at
idle for more than 50 to 75 per cent of the warm-up time).

Appendix 3 - Item 13

EXHAUST GAS SENSOR MONITORING

The OBD system shall monitor the electrical elements of the exhaust gas sensors on engines so-
equipped for proper operation according to item 1 to this appendix.

Appendix 3 - Item 14

IDLE SPEED CONTROL SYSTEM MONITORING

The OBD system shall monitor the electrical elements of theidle speed control systemson engines
So-equipped for proper operation according to item 1 to this appendix.
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Annex 11 - Appendix 4

TECHNICAL COMPLIANCE REPORT

Thisreport isissued by the administrative department, according to paragraphs 6.3.3. and 7.3., after
examination of an OBD system or an emission OBD family when that system or family complies
with the requirements of this appendix.

The exact reference (including its version number) of this appendix shall beincluded in thisreport.
The exact reference (including its version number) to this Regulation shall be included.

This report contains a cover page indicating the final compliance of the OBD system or emission
OBD family and the following 5 items:

Item 1
Item 2
Item 3
Item4
Item5

INFORMATION CONCERNING THE OBD SYSTEM

INFORMATION CONCERNING THE CONFORMITY OF THE OBD SYSTEM
INFORMATION CONCERNING DEFICIENCIES

INFORMATION CONCERNING DEMONSTRATION TESTSOF THEOBD SYSTEM
TEST PROTOCOL

The content of the technical report, including its Items, shall, at a minimum, include the elements
given in the following examples.

This report shall state that reproduction or publication in extracts of this report is not permitted
without the written consent of the undersigned administrative department.

FINAL COMPLIANCE REPORT

The documentation package and the herewith described OBD system / emission OBD family
comply with the requirements of the following regulation:

Regulation ... / version .../ enforcement date ....

otr.../A +B/version .../ date ....

The technical compliance report encompasses ... pages.

Place, dates  .............

Author (name and signature)
Administrative department (name, stamp)
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Item 1 to the technical compliance report (example)
INFORMATION CONCERNING THE OBD SYSTEM
1 Type of requested approval
Requested Approval
- Approval of anindividual OBD system YES/NO
- Approva of an emission OBD family YES/NO
- Approva of an OBD system as member of a certified emission OBD
family YES/NO
- Extensiontoinclude anew engine systeminto an emission OBD family YES/NO
- Extension to address a design change that affects the OBD system YES/NO
- Extension to address a malfunction reclassification YES/NO
2. Information concerning the OBD system

Approval of an individual OBD system

- type(s) 11/ of the engine system family (where applicable, see
paragraph 6.1. of this annex), or type(s) 11/ of the single engine
system(s)

- OBD description (issued by the manufacturer): reference and date

Approval of an emission OBD family

- List of the engine families concerned by the emission OBD family
(when applicable, see paragraph 6.1.)

- Type 11/ of the parent engine system within the emission OBD family

- List of the engine types 11/ within the emission OBD family

- OBD description (issued by the manufacturer): reference and date

Approval of an OBD system as member of acertified emission OBD family

- List of the engine families concerned by the emission OBD family
(when applicable, see paragraph 6.1.)

- Type 11/ of the parent engine system within the emission OBD family

- List of the engine types 11/ within the emission OBD family

- Name of the engine system family concerned by the new OBD system
(when applicable)

- Type 11/ of the engine system concerned by the new OBD system

- Extended OBD description (issued by the manufacturer): reference and
date

11/  asreported in the approval document
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Extension to include a new engine system into an emission OBD family

- List (extended if necessary) of the engine families concerned by the
emission OBD family (when applicable, see paragraph 6.1.)

- List (extended if necessary) of the enginetypes 11" within the emission
OBD family

- Actuaised (new or unchanged) typell/ of the parent engine system
within the emission OBD family

- Extended OBD description (issued by the manufacturer): reference and
date

Extension to address a design change that affects the OBD system

- List of the engine families (when applicable) concerned by the design
change

- List of the engine types 11/ concerned by the design change

- Actualised (when applicable, new or unchanged) type 11/ of the parent
engine system within the emission OBD family

- Modified OBD description (issued by the manufacturer): reference and
date

Extension to address a malfunction reclassification

- List of the engine families (when applicable) concerned by the
reclassification

- List of the engine types 11/ concerned by the reclassification

- Modified OBD description (issued by the manufacturer): reference and
date
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1.

Item 2 to the technical compliance report (example)

INFORMATION CONCERNING THE CONFORMITY OF THE OBD SYSTEM

Documentation package

The elements provided by the manufacturer in the documentation package
of the emission OBD family, is complete and complies with the
requirements of paragraph 8. of this annex, on the following issues:

- documentation associated with each monitored component or system YES/NO

- documentation associated with each DTC YES/NO

- documentation associated with the malfunction classification YES/NO

- documentation associated with the emission OBD family YES/NO

The documentation required in paragraph 8.2. of thisannex for installing an

OBD system in a vehicle has been provided by the manufacturer in the

documentation package, iscompl ete, and complies with the requirements of

this annex: YES/NO

The instalation of the engine system equipped with the OBD system

complies with appendix 1 of this annex: YES/NO
2. Content of the documentation

Monitoring

The monitors comply with the requirements of paragraph 4.2. of this

annex: YES/NO

Classification

The malfunction classification complies with the requirements of

paragraph 4.5. of this annex: YES/NO

MI activation scheme
According to paragraph 4.6.3. of thisannex, the M|-activation scheme

The activation and the extinguishing of the malfunction indicator

Discriminatory /
is: Non-discriminatory

comply with the requirements of paragraph 4.6. of this annex: YES/NO
DTCsrecording & erasing

Therecording and erasing of DTCs comply with the requirements of

paragraphs 4.3. and 4.4. of this annex: YES/NO
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Disablement of the OBD system

The strategies described in the documentation package for a
momentary disconnection or disablement of the OBD system comply
with the requirements of paragraph 5.2. of this annex YES/NO

Electronic system security
The measures described by the manufacturer for electronic system
security comply with the requirements of paragraph 4.8. of thisannex YES/NO
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Item 3 to the technical compliance report (example)

INFORMATION CONCERNING DEFICIENCIES

Number of deficiencies of OBD system

(ex: 4 deficiencies)

The deficiencies comply with the requirements of paragraph 6.4.
of this annex

YES/NO

Deficiency No. 1
- Object of the deficiency

- Period of the deficiency

e.g. measuring of the
Urea concentration
(SCR) within defined
tolerances

e.g. one year / Six
months after the date
of approval

(Description of deficiencies 2 to n-1)

Deficiency No. n
- Object of the deficiency

- Period of the deficiency

€.g. measuring of
NH3 concentration
behind SCR system

e.g. oneyear / Six
months after the date
of approval
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Item 4 to the technical compliance report (example)

DEMONSTRATION TESTS OF THE OBD SYSTEM

1 Test result of the OBD system

Results of the tests

The OBD system described in the above complying
documentation package has been tested with success according to
Paragraph 6 of this annex for demonstrating the compliance of
monitors and of malfunction classifications as listed in item 5: YES/NO

Details to the conducted demonstration tests are given in item 5.

11 OBD system tested on the engine test-bed

Engine

- Engine name (manufacturer and commercial names):
- Enginetype (as reported in the approval document):
- Engine number (serial number):

Control units concerned by this annex (incl. engine ECUS)
- Main functionality:
- ldentification number (software and calibration):

Diagnostic tool (scan tool used during testing)
- Manufacturer:

- Type

- Software/ version

Test information

- Ambient testing conditions (temperature, humidity, pressure):
- Placeof test (incl. altitude):

- Testing fud:

- Enginelubricating oil:

- Dateof test:
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2. Demonstration tests of the installation of the OBD system

In addition to the demonstration of the OBD system / emission
OBD family, the installation of the OBD system / of the OBD
systems within the emission OBD family has been tested on a
vehicle, according to the provisions of appendix 1 of the
referenced annex:

YES/NO

2.1 Test result of the installation of the OBD system

Results of the test

If theinstallation of the OBD system has been tested on avehicle,
the installation of the OBD system has been tested with success
according to appendix 1 to the referenced annex

YES/NO

2.2. Tested installation

If the installation of the OBD system has been tested on avehicle:

Tested vehicle

- Vehicle name (manufacturer and commercial names):
- Vehicletype:

- Vehicle Identification Number (VIN):

Diagnostic tool (scan tool used for testing)
- Manufacturer:

- Type:

- Software/ version:

Test information
- Place and date:




Item 5 to the technical compliance report (example)
TEST PROTOCOL

€9 9ed

OBD System Demonstration Test

GZ1/900¢/6¢' dM/SNVHL/303

I - Genenral - I - Demonstration of the Failure Classification - - Demonstration of the OBED Performance -
- Test - I - Emission Level - I - Classification - I - Qualification of the Deteriorated Component - I - Ml Activation -
Tested il Manufacturer Final Tasad Eesatdn Tested
Failure Mode | Fault Code acvording | Test Cyvle |above OTL [belowOTL| " preposed | Classification to point 91 Test Cycle qualified acvording | Test Cyels 2;;?“‘”:;{1‘ Ef;',m'mb i";:f"‘a,:;,!‘
to peint Classification (1) 1o paint
SCR Systemn
Diosing Valve P2 not tested - - - A A 6.3.2.1 WHTC yos 6.3.1 WHTC 2nd
EGRVale | gy not tested A B1 8.3.2.1 WHTC yos 63.1 WHTC 1st
Electrical
EGRVale | pg not tested B B1 6321 WHTC yos 631 | wHTC Znd
Mechanical
EGR Valve
ek asical P1. 622 WHTC X BA BA1 net tested yos
EGRVale | p, 822 WHTC X B B1 6321 WHTC yes 63.1 WHTC 2nd
Mechanical
Ajr Temp.
Sensor P1._ Mot tested B2 B2 §.3.2.2 WHTC yos 631 WHTC 1st
Electrical
Qil Temp.
Sensor P1. 626 ETC X [+ c not tested yos
E|aotrical

Remarks: 1) Upon request of the certification authority the failure may be re-classified into a class diferent from the one proposed by the manufacturer

COnly the failures that have been tested either for dassification or for pefermance and the failures
that have been redassified at the certification authority request are listed in this sheat

A malfunction may be tested either for its dassification, or for its performance, or for both
Example given of the EGR mechanical valve gives the way each of these 2 cases are considered in the table
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Annex 11 - Appendix 5

FREEZE FRAME AND DATA STREAM INFORMATION

The following tables list the pieces of information that are considered in paragraphs 4.7.1.4.

and 4.7.2. of this annex.

Table 1: MANDATORY REQUIREMENTS:

Freezeframe | Datastream
Calculated load (engine torque as a percentage of maximum X X
torque available at the current engine speed)
Engine speed X X
Engine coolant temperature (or equivalent) X X
Barometric pressure (directly measured or estimated) X X
Table 2: OPTIONAL ENGINE SPEED AND LOAD INFORMATION:
Freeze frame Data stream
driver’s demand engine torque (as a percentage of maximum X X
engine torque)
actual engine torque (calculated as a percentage of maximum
engine torque, e.g. calculated from commanded injection fuel X X
guantity)
reference engine maximum torque X
reference maximum engine torque as a function of engine X
Speed
time elapsed since engine start X X

Table 3: OPTIONAL INFORMATION, IF USED BY THE EMISSION OR THE OBD
SYSTEM TO ENABLE OR DISABLE ANY OBD INFORMATION

Freezeframe | Datastream
fuel level X X
Engine oil temperature X X
vehicle speed X X
engine control computer system voltage (for the main control X X

chip)
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Table 4: OPTIONAL INFORMATION, IF THE ENGINE IS SO EQUIPPED, SENSES OR

CALCULATES THE INFORMATION:

Freeze frame

Data stream

Absolute throttle position / intake air throttle position (position of
valve used to regulate intake air)

X

X

Diesel fuel control system statusin case of a close loop system (e.g. in
case of afuel pressure close loop system)

Fuel rail pressure

Injection control pressure (i.e. pressure of the fluid controlling fuel
injection)

Representative fuel injection timing (beginning of first main injection)

X

x

Commanded fuel rail pressure,

X

x

Commanded injection control pressure (i.e. pressure of the fluid
controlling fuel injection)

x

x

Intake air temperature

Ambient air temperature

Turbocharger inlet / outlet air temperature (compressor and turbine)

Turbocharger inlet / outlet pressure(compressor and turbine)

Charge air temperature (post intercooler if fitted)

Actua boost pressure

Air flow rate from mass air flow sensor

Commanded EGR valve duty cycle/position, (provided EGR is so
controlled)

XXX [X [ X | XX |X

XXX [X [ XX [|X|X

Actual EGR valve duty cycle/position

PTO status (active or not active)

Accelerator pedal position

Redundant absolute pedal position

I nstantaneous fuel consumption

Commanded/target boost pressure (if boost pressure used to control
turbo operation)

XX XXX | X

DPF inlet pressure

DPF outlet pressure

DPF delta pressure

Engine-out exhaust pressure

DPF inlet temperature

DPF outlet temperature

Engine-out exhaust gas temperature

Turbocharger/turbine speed

Variable geometry turbo position

Commanded variable geometry turbo position

Wastegate valve position

XX XXX [X X [X | X | X [X

Air/fuel ratio sensor output

Oxygen sensor output

NOy sensor output

XX XXX XXX | X[ X [X[X|X|X
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Annex 11 - Appendix 6

REFERENCE STANDARD DOCUMENTS

Thisappendix contains the references to the industry standards that are to be used in accordance to
the provisionsin this annex to provide the serial communications interface to the vehicle/engine.
There arethree allowed solutionsidentified, | SO 15765-4 or SAE J1939-73 or ISO/PAS 27145. In
addition there are other 1SO or SAE standards that are applicablein accordanceto the provisionsin
this annex.

I SO 15765-4 and those specificationsincluded by reference therein to accomplish the WWH-OBD
requirements.

ISO 15765-4 "Road vehicles - Diagnostics on Controller Area Network (CAN) - Part 4:
Requirements for emissions-related systems', dated on year 2006.

SAE J1939-73 and those specificationsincluded by reference therein to accomplish the WWH-OBD
requirements.
J1939-73"APPLICATION LAYER - DIAGNOSTICS", dated on year 2006.

ISO/PAS 27145 and those specifications included by reference therein to accomplish the WWH-
OBD requirements.

(i) ISO/IPAS27145-1:2006 Road vehicles- On board diagnostics (WWH-OBD) implementation -
Part 1 - General Information and use case definitions

(i) 1SO/PAS 27145-2:2006 Road vehicles — Implementation of WWH-OBD communication
requirements - Part 2 - Common emissions-related data dictionary;

(iii) 1SO/PAS 27145-3:2006 Road vehicles — Implementation of WWH-OBD communication
requirements - Part 3 - Common message dictionary;

(iv) ISOIPAS 27145-4:2006 Road vehicles — Implementation of WWH-OBD communication
requirements - Part 4 - Connection between vehicle and test equipment;

The following International Organization of Standards (1SO) documents are incorporated by
reference into this Regulation:

I SO 15031-3:2004 "Road vehicles— Communication between vehicle and external equipment for
emissions-related diagnostics — Part 3: Diagnostic connector and related electrical circuits,
specification and use”.

The following Society of Automotive Engineers (SAE) (1SO) documents are incorporated by
reference into this Regulation:

SAE J2403 "Medium/Heavy-Duty E/E Systems Diagnosis Nomenclature”, dated on August 2004.
SAE J1939-13 "Off-Board Diagnostic Connector", dated on March 2004.
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Annex 11 - Appendix 7

DOCUMENTATION REGARDING OBD RELATED INFORMATION

The OBD related information requested by this appendix shall be provided by the vehicle
manufacturer for the purposes of enabling the manufacture of OBD-compatible replacement or
service parts and diagnostic tools and test equipment in the manner prescribed in the main part of
this Regulation.

REPLACEMENT PARTS, DIAGNOSTIC TOOLS AND TEST EQUIPMENT

Theinformation shall enable manufacturers of replacement or retrofit componentsto makethe parts
they manufacture compatible with the OBD system with aview to fault-free operation assuring the
vehicle user against mafunctions. Similarly, such relevant information shall enable the
manufacturers of diagnostic tools and test equipment to make tools and equipment that provide for
effective and accurate diagnosis of emission control systems.

In the case of replacement or service components, information can only be requested for such
components that are subject to type-approval, or for components that form part of a system that is
subject to type-approval.

The request for information must identify the exact specification of the engine model type/engine
model type within an engine family for which the informationisrequired. 1t must confirm that the
information is required for the development of replacement or retrofit parts or components or
diagnostic tools or test equipment.

REPAIR INFORMATION

No later than three months after the manufacturer has provided any authorised dealer or repair shop
with repair information, the manufacturer shall make that information (including all subsequent
amendments and supplements) available upon reasonable and non-discriminatory payment.

The manufacturer must also make accessible, where appropriate upon payment the technical
information required for the repair or maintenance of motor vehicles unless that information is
covered by an intellectual property right or constitutes essential, secret know-how which is
identified in an appropriate form; in such case, the necessary technical information must not be
withheld improperly.

Entitled to such information isany person engaged in commercially servicing or repairing, road-side
rescuing, inspecting or testing of vehicles or in manufacturing or selling replacement or retro-fit
components, diagnostic tools and test equipment.

In the event of failure to comply with these provisions the administrative department shall take
appropriate measures to ensure that repair information is available, in accordance with the
procedures laid down for type-approval and in-service surveys. "



